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 Thermodynamic evaluation of the ion speciation of the major chemical
constituents from the anomalous spring and surface waters showed gypsum
to be supersaturated in these anomalous spring waters. Downstream from
the spring, the loss of the Springs carbon dioxide in attaining
equilibrium with the atmospheric carbon dioxide, resulted in the surface
waters being supersaturated with respect to the carbonate minerals, such
as calcite, aragonite, magnesite and dolomite. Therefore, the mixing
of the characteristic Ca*Mg*HCO3*SO4 groundwater from the underlying
bedrock, appeared to be the principal effect upon the spring water con—
tamination of the major constituents in the North Creek waterso
Downstream from the spring, the minor constituents such as, the
heavy metals, are co-precipitated with CaCO3, complexed with the sul—
phate radical and other inorganic ligands and form aquo metal complexes.
In relation to time, the relative heavy metal concentrations in these
anomalous surface waters showed direct relationships with respect to
precipitation and the surface water discharge of the North Creek waters.
This briefly summarized the origin and the geochemical history of the
abnormality of the high metal values° The source of these high heavy
metals are derived naturally from ihe dissolution of the bedrock mineral
deposits, thus contaminating the groundwater discharge in the North Creek
waters. The contribution of man's activities as a source of heavy metal
contamination in these natural waters appeared to be negligable, since
the implication of atmospheric pollution was proven to be relatively
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The
North Creek
Watershed
Study
(AG-10)
was
one
of the
eleven
agri—
cultural watersheds selected for the detailed studies programme of the
Agricultural
Watershed
Studies
(Task
0-
International
Reference
Group on
Great Lakes Pollution from Land Use Activities (PLUARG)). The study was
basically concerned with the element distribution and the identification
of any contaminant
sources of the Twenty Mile Creek Tributary.
The objectives of the North Creek Watershed Study (AG-10) initiated
April, 1976 were:
1.
To determine the distribution, amount and origin of twenty macro—
nutrients, micronutrients,
and trace elements in the North Creek
Branch Watershed (AG—10) in terms of natural weathering during the
Holocene period and any accelerated transformations resulting from
man's activities during the
last two hundred years.
2.
To examine and interpret distribution patterns for the twenty elements
in stream sediments,
soils,
subsoils and stream water in Watershed
No. 10 in terms of the geochemical history of the area, patterns re-
sulting from man's activities and the origin and flow paths of the
stream
water
leaving
the
watershed.
These study objectives help in identifying the source of some of the
contaminants in the North Creek Watershed, and in so doing, help in deter-
mining the effect on the natural waters.
The transportation mechanism of
the contaminants from the source to the mouth of the tributary basin of the
North Creek, thence by Twenty Mile Creek to Lake Ontario, will be estimated
by a prepared model based upon the four studied parameters:
1)
bottom
stream sediments,
2)
susPended sediments,
3) stream waters and 4) well
waters.
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A. STUDY LOCATION
The location of the North Creek Watershed is shown in Figure 1.8. It
is part of the TWenty Mile Creek Drainage System on top of the Niagara
Escarpment. The watershed is half a mile south of the village of Smith-
ville and within the boundary limits of West Lincoln and Grimbsy Town-
ships. The general tOpography of the study area is shown in Figure l.b.
A contour map of the Silurian bedrock underlying the watershed is
shown in Figure l.c. The Lockport Formation forms the crest of the
Niagara Escarpment; and consists of three Members, 1) the medium
crystalline crinoidal Gasport Limestone as the basal beds, 2) the cherty,
finely crystalline Goat Island Dolostone, and 3) the dark brown aphanitic
to sugary Eramosa Dolostone as the upper unit. The last Member may be
further sub—divided into a lower dolostone Section with black, bituminous
shaly partings, the so called "Vinemount Shale", and an upper section of
a dark grey, dense dolostone. The Guelph Formation overlies the Lockport
Formation towards the south and is a dark brown, aphanitic to medium
crystalline, porous dolostone. The Lockport-Guelph Contact zone (1) lies
just north of the North Creek Watershed as shown in the bedrock geology
map in Figure 1.d. It should be noted that the Eramosa Member is
bituminous and for the most part magnesian throughout the section and
contains fine specimens (2) of selenite, celestite, dolomite, Sphalerite
and galena.
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di
s—
co
ve
r
th
e
or
ig
in
of
th
e
an
om
al
ou
s
va
lu
es
in
th
e
no
rt
h
ce
nt
ra
l
se
ct
or
of
th
e
No
rt
h
Cr
ee
k
Wa
te
rs
he
d.
Th
is
su
rv
ey
wa
s
im
pl
em
en
te
d
by
pe
rf
or
mi
ng
ch
em
ic
al
an
al
ys
is
of
bo
tt
om
st
re
am
se
di
me
nt
s,
su
sp
en
de
d
se
di
me
nt
s,
st
re
am
wa
te
rs
an
d
we
ll
wa
te
rs
;
te
xt
ur
al
an
al
ys
is
of
th
e
bo
tt
om
st
re
am
se
di
-
me
nt
s;
an
d
a
co
mp
le
te
wa
te
r
an
al
ys
is
.
Th
is
in
cl
ud
ed
ca
ti
on
an
d
an
io
n
di
s-
tr
ib
ut
io
n
in
th
e
an
om
al
ou
s
su
rf
ac
e
wa
te
rs
.
A
de
ta
il
ed
st
ud
y,
bo
th
ch
em
ic
al
ly
an
d
te
xt
ur
al
ly
of
th
e
li
th
ol
og
y
of
co
re
d
se
di
me
nt
s
an
d
b
e
d
r
o
c
k
in
we
l
l
s
d
r
i
l
l
e
d
ad
ja
ce
nt
to
th
e
a
n
o
m
a
l
o
us
ar
ea
,
wa
s
ma
de
to
de
te
rm
in
e
th
e
or
ig
in
of
th
e
an
om
al
ou
sl
y
hi
gh
he
av
y
metals.
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The
ano
mal
ous
nor
th
cen
tra
l s
ect
or
of
the
wat
ers
hed
was
vis
ite
d
twice weekly between September 1/76 to November 26/76, collecting bottom
sediments, suSpended sediments and stream waters at fifteen sampling
sit
es
(si
tes
A-O
on
Fig
ure
2).
In
add
iti
on,
wel
l w
ate
rs
wer
e c
oll
ect
ed
fro
m t
he
thr
ee
pie
zom
ete
r d
ril
l h
ole
s (
NI,
N2,
N3
loc
ate
d o
n F
igu
re
2).
The
res
ult
s o
f t
he
ana
lys
is
on
the
sam
ple
s c
oll
ect
ed,
wer
e d
esi
gne
d t
o
show
poss
ible
rela
tion
ship
s a
mong
st t
he c
hemi
cal
conc
entr
atio
ns o
f
the four types ofinaterialscollected in the anomalous area.
All
bot
tom
str
eam
sed
ime
nts
wer
e s
amp
led
fro
m t
he
same
loc
ati
ons
eac
h
tim
e u
sin
g a
han
d-h
eld
pla
sti
c c
ori
ng
app
ara
tus
(3);
two
sam
ple
s b
ein
g
take
n to
a de
pth
of a
bout
10 c
m. a
t ea
ch l
ocat
ion.
Thes
e sa
mple
s we
re
the
n s
tor
ed
in
lab
ell
ed,
man
ill
a b
ags
for
lab
ora
tor
y s
tudy
.
Repr
esen
tati
ve
stre
am w
ater
and
suSp
ende
d se
dime
nt s
ampl
es w
ere
ob-
tain
ed b
y us
e of
a U.
Su D
.H.
- 48
wate
r sa
mple
r in
whic
h th
e t
eflo
n in
take
valv
e av
oide
d an
y po
ssib
le m
etal
cont
amin
atio
n.
At e
ach
samp
le
loca
tion
,
a U.
S. D
.H.
- 48
samp
ler
was
used
to t
ake
dept
h in
tegr
ated
wate
r s
ampl
es
from
thre
e po
ints
alon
g a
trav
erse
acro
ss t
he s
trea
m.
Wate
r s
ampl
es w
ere
then
pour
ed i
nto
two,
prew
ashe
d on
e li
ter
poly
ethy
lene
bott
les
and
late
r
centrifuged in the laboratory. The addition of two ml. concentrated
nitr
ic a
cid
as a
pres
erva
tive
to o
ne o
f th
e on
e li
ter
bott
les
prev
ente
d
precipitation of metallic ions to avoid spurious results during metal
dete
rmin
atio
n.
The
othe
r bo
ttle
was
not
acid
ifie
d so
that
a de
term
inat
ion
could be made of the soluble elements.
Thr
ee
hol
es
wer
e d
ril
led
on
the
sire
n b
ank
at
the
ano
mal
ous
sit
e t
o
obt
ain
rep
res
ent
ati
/c
gro
und
wat
er
sam
ple
s a
s a
mea
ns
of
com
par
iso
n w
ith
the
adj
ace
nt
sur
fac
e w
ate
rs
in
the
str
eam
.
In
add
iti
on,
sam
ple
s o
f s
oil
and
bed
roc
k f
rom
the
dri
ll
cor
e w
ere
ana
lys
ed
for
a g
eoc
hem
ica
l d
ist
rib
uti
on
wit
h
dep
th
fro
m
the
day
lig
ht
sur
fac
e
to
the
und
erl
yin
g
bed
roc
k.
The
soi
ls
wer
e
als
o
ana
lys
ed
for
cat
ion
exc
han
ge
cap
aci
ty,
per
cen
tag
e
car
bon
ate
s,
per
cen
tag
e
org
ani
c
mat
ter
,
pH
and
tex
tur
e.
Sub
sam
ple
s
wer
e
tak
en
at
10
cm.
in
te
rv
al
s
fr
om
cor
e
Ni
and
ﬁt
5
cm.
in
te
rv
al
s
fr
om
co
re
N2.
Th
es
e
mea
sur
ed
par
ame
ter
s
cou
ld
be
mst
d
to
def
ine
the
com
pos
iti
on
of
the
Qu
at
er
na
ry
de
po
si
ts
an
d
of
b7
ir
oc
k.
Th
e
co
re
dr
il
li
ng
wa
s
ca
rr
ie
d
ou
t
us
in
g
 ‘
I
'
w
W
W
“
.
‘
J
      
’I
I
E
W
W
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a truck mounted drill (CME Model 55) equipped with hollow stem augers from
the University of Waterloo. These couple together in 1.7 m. lengths,
The augers are 16.8 cm. in outside diameter with a hollow annulus of 8.3
cm. Drilling samples are collected through the auger annulus using split-
spoon sample tubes, wrapped in plastic bags and later stored at a tem—
perature of 40C for future laboratory study. A diamond drill was used
to obtain samples of bedrock to depths ranging from two to five feet from
the bedrock surface. At each test hole site, an observation well was
installed at the sediment—bedrock interface, consisting of a p.v.c.
plastic pipe of 2.5 cm. inside diameter. From these wells, water samples
were drawn up by use of a battery—powered electrical water pump. Pre—
liminary precautions were first taken to ensure representative water
samples. These included, the flushing of the water pump hoses with
double deionized water carried to the site in the one liter polyethylene
bottles. The pump then drew water from the wells, rinsing out its hoses
with well water before the final sample was taken. Only one of the two
collected well water samples was acidified from each site.
Geochemical environments are usually expressed quantitatively in
terms of oxidation potential eH as well as pH; these environments are
the result of an overall chemical balance of the total content. During
the study period of September 1/76 to November 26/76, the pH measurements
of the waters were not performed in the field but in the laboratory be-
cause of climatic conditions. when the pH—eH measurements on the waters
were performed on May 10/77 at the anomalous north central sector of the
watershed, a more accurate pH measurement was made. Because temperature
compensation is necessary for accurate pH measurement, the temperature of
the water was directly read with a mercury thermometer. For calibration,
a bottle of temperature controlled pH 7.41 buffer was brought into tem-
perature equilibrium with the stream waters for 15 minutes. Afterwards,
the temperature compensator of the 1.3.0. pH Trophy meter was calibrated
according to the streams temperature and the pH measured by placing the
glass electrode into the pH—controlled buffer solution while still in
tempeiature equilibrium with tne strewn.
For determining the OH or the stream water, the eH electrode used
was a Corning manufactured platinum electrode, with a calomel reference
electrode. Platinum (4) is the most suitable electrode material for eH
measurements; being chemically inert, it does not participate in the
oxidation-reduction reaction except as a conductor of electrons. The
I.B.C. pH Trophy Meter was used to measure the potentials of the electrodes.
The final EMF reading was recorded after an equilibration time of ap—
proximately a half an hour.
The self potential of the stream sediment was also measured in a
 
  
si
mi
la
r
fa
sh
io
n,
wi
th
th
e
ex
ce
pt
io
n
th
at
th
e
pl
at
in
um
el
ec
tr
od
e
wa
s
pl
ac
ed
fi
rm
ly
in
to
th
e
mu
d,
wh
il
e
th
e
re
fe
re
nc
e
el
ec
tr
od
e
wa
s
si
tu
at
ed
ne
ar
th
e
su
rf
ac
e
of
th
e
wa
te
r
as
a
pr
ec
au
ti
on
ag
ai
ns
t
in
te
rf
er
en
ce
fr
om
th
e
cl
ay
-
charged particles.
Th
e
me
as
ur
ed
vo
lt
ag
e
of
th
e
in
er
t
el
ec
tr
od
e
re
fe
re
nc
e
pa
ir
is
ad
de
d
al
ge
br
ai
ca
ll
y
to
th
e
po
te
nt
ia
l
of
th
e
re
fe
re
nc
e
el
ec
tr
od
e
to
de
ri
ve
at
a
co
rr
ec
ti
ve
eH
(5
)
of
th
e
ha
lf
ce
ll
re
ac
ti
on
oc
cu
ri
ng
at
th
e
pl
at
in
um
el
ec
tr
od
e.
In
ad
di
ti
on
,
th
e
sa
tu
ra
te
d
ca
lo
me
l
el
ec
tr
od
e
(s
ee
)
mu
st
be
co
rr
ec
te
d
fo
r
te
mp
er
at
ur
e
(T
)
ac
co
rd
in
g
to
th
e
eq
ua
ti
on
(6
):
.
Eo
(s
ce
)
=
0.
24
15
—
0.
00
07
6
(T
—
25
)
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A. CHEMICAL ANALYSIS
Systemic measurement of the pH of the stream and well waters was
conducted in the laboratory by the use of a I.B.C° pH TrOphy meter
which was first standardized with buffers pH 4 and pH 8 before actual
meas
urem
ents
were
made
.
Labo
gato
ry p
H me
asur
emen
ts w
ere
meas
ured
dire
ctly
at room temperature (about 21 C). Similarily, samples from the drill
cor
es
and
bot
tom
sed
ime
nts
wer
e m
eaS
ure
d f
or
pH
by
dis
per
sin
g t
he
sediment (10g.) in CaCl2 solution (7).
Ana
lys
is
for
tra
ce
ele
men
ts
in
the
dri
ll
cor
e s
amp
les
, b
ott
om
sedi
-
men
ts,
suS
pen
ded
sed
ime
nts
, s
tre
am
and
wel
l w
ate
rs
wer
e d
ete
rmi
ned
by
the
A.R.
L. D
irec
t Re
adin
g Mu
ltie
leme
nt E
miss
ion
Spec
trog
raph
(Pla
sma
Sour
ce)
Q.A.
137.
The
samp
le p
repa
rati
on o
f th
e bo
ttom
sedi
ment
s an
d
drill core samples for Q,A. 137 analysis consisted of oven drying the
sediment samples at a temperature of 105°C for 24 hours; manually
grinding the sediments to a powder in a mortar; screening the powder
through an eighty mesh screen; weighing a 500 mg. aliquot of the minus
eighty mesh material on a digital Cahn Electro-balance and placing it in
test tubes; adding 10 ml. of cold 12% v.v. hydrochloric acid to each of
the samples; shaking the mixture for a period of eight hours; centri-
fuging the samples for ten minutes at 2000 r.p.m.; decanting the extract
and nebulising it into the argon stream of the plasma of the emission
spectrograph.
Thi
s m
eth
od
of
col
d h
ydr
och
lor
ic
aci
d e
xtr
act
ion
of
met
all
ic
ele
-
ment
s f
rom
soil
s an
d bo
ttom
stre
am s
edim
ents
has
been
used
exte
nsiv
ely
in e
nvir
onme
ntal
geoc
hemi
stry
. A
ltho
ugh
this
meth
od
does
not
extr
act
the
ent
ire
met
al
con
ten
t f
rom
the
sed
ime
nts
and
roc
k m
atr
ix,
it
doe
s b
rin
g
int
o s
olu
tio
n t
he
non
-re
sid
ual
met
als
whi
ch
hav
e b
een
abs
orb
ed
fro
m t
he
aque
ous
medi
um.
This
part
ial
extr
acti
on t
echn
ique
(8)
show
s no
as-
soc
iat
ion
wit
h t
he
typ
e o
f r
ock
for
min
g t
he
sed
ime
nt
and
giv
e r
esu
lts
onl
y
for
the
wea
kly
hel
d m
eta
ls,
whi
ch
inc
lud
e
tho
se
ori
gin
ati
ng
fro
m
pol
lut
ed
wat
ers
,
Usi
ng
thi
s m
eth
od,
a m
eas
ure
can
be
fou
nd
of
the
com
ple
xed
,
ab-
sor
bed
and
pre
cip
ita
ted
met
als
in
the
sed
ime
nts
of
the
Nor
th
Cre
ek
Wat
er-
she
d.
The
app
lic
ati
ons
in
usi
ng
the
par
tia
l e
xtr
act
ion
tec
hni
que
for
 ana
lys
es
of
non
-re
sid
ual
ele
men
ts
has
pro
ven
to
be
qui
te
suc
ces
sfu
l i
n
the past (9, 10, 11). '
SuS
pen
ded
sed
ime
nt
ana
lys
es
wer
e
per
for
med
by
cen
tri
fug
ing
the
sam
ple
d s
tre
am
wat
er
in
tes
t t
ube
s t
ake
n f
rom
the
two
bot
tle
s a
t e
ach
spec
ific
loca
lity
.
The
suSp
ende
d ma
tter
was
coll
ecte
d wi
th
a te
flon
spa
tul
a f
rom
the
tes
t g
ube
,p1
ace
d o
n a
wat
ch
gla
ss
and
the
n o
ven
drie
dx
at a temperature of 60 C. Dried suspended sediment was weighed, placed
into
a te
st t
ube
and
then
extr
acte
d wi
th
10 m
l.
12%
v.v.
hydr
ochl
oric
acid; using the same extraction procedure as outlined for the bottom
sediment analysis.
Str
eam
and
wel
l w
ate
r s
amp
les
wer
e c
ent
rif
uge
d a
nd
the
res
ult
ing
decant directly passed into the nebuliser of the emission Spectrograph.
PRECISION CHECK
Thr
oug
hou
t t
he
ana
lys
is
of
the
emi
ssi
on
spe
ctr
ogr
aph
,
a c
ont
inu
ous
che
ck
on
the
pre
cis
ion
of
the
ana
lys
es
of
the
sed
ime
nt
sam
ple
s f
or
pos
sib
le
ins
tru
men
t d
rif
t w
as
mai
nta
ine
d b
y c
hec
kin
g t
he
lin
ear
wor
kin
g
ran
ge
of
sta
nda
rd
sed
ime
nt
con
cen
tra
tio
ns.
A
sed
ime
nt
sta
nda
rd
w..
mad
e b
y a
ddi
ng
app
rox
ima
tel
y a
gra
m o
f b
ott
om
sed
ime
nts
fro
m e
ach
oi
the
sam
ple
d w
ate
rsh
ed
sit
es
to
a c
ont
ain
er
and
pla
cin
g t
his
on
a s
hak
er
for
eight hours until a homogenized mixture was thought to have been reached.
Simi
lari
ly,
the
wate
rs w
ere
chec
ked
for
poss
ible
inst
rume
nt d
rift
by
noting the linearity of analyses of a standard water made by adding 2 ml.
concentrated nitric acid to a liter of deionized water.
PE
RF
OR
MA
NC
E
TE
ST
0N
RE
PR
OD
UC
IB
IL
IT
Y
OF
RE
SU
LT
S
A r
epr
odu
cib
ili
ty
test
of
ana
lyt
ica
l r
esu
lts
and
ext
rac
tiu
r :
1
cedu
res
for
the
sedi
ment
s wa
s ca
rrie
d ou
t by
weig
hing
ten
500
mg,
all-
quo
ts
of
the
pre
par
ed
sed
ime
nt
sta
nda
rd
and
ext
rac
tin
g t
he
sam
plt
s v
wit
h a
n e
qual
amo
unt
of
12%
v,v.
hyd
roc
hlo
ric
acid
.
The
r “
11:
indicate basically the ability of the extraction with cold t - -
acid and the emission spectrograph to reproduce similar numhti» 1,0L rue
sin
gle
com
pos
ite
sta
nda
rd
of
the
typ
e o
f m
ate
ria
l t
o b
e t
est
ed
are
sho
wn
in
Tab
le
1.
In
add
iti
on,
a c
omp
ara
tiv
e t
est
for
the
ele
men
ts,
Cu
hi:
Pb,
Zn,
was
con
duc
ted
to
com
par
e
the
ana
lyt
ica
l
res
ult
s
obt
ain
ed
wit
h
Lhu
emi
ssi
on
Spe
ctr
ogr
aph
(Q,
A,
137
)
and
the
ato
mic
abs
orp
tio
n
spe
ctr
e
«tu
t
(A.
A.S
. P
erk
in-
Elm
er
Mod
el
403
).
Thi
s s
how
ed
tha
t
the
coe
ffi
cie
nt
of
var
iat
ion
for
the
emi
ssi
on
Spe
ctr
ogr
aph
is
les
s
tha
n
tha
t
for
ato
mic
abs
orp
tio
n.
For
exa
mpl
e,
the
coe
ffi
cie
nts
of
var
iat
ion
for
lea
d w
ere
ELEMENT
 
>
5
Na
Sr
Si
As
Cd
Cr
Co
Mo
Ti
Cu
Cu
Ni
Ni
Pb
Pb
Zn
Zn
TABLE I
 
PRECISION
TEST
ON
SOIL
STANDARD
RANGE
(us/g)
 
260-280
860—900
250-266
2060-2280
249-263
8-8.6
38.2—39.8
14-14
20-26
38.2-42.6
12.8-13.8
12—12
12—12
10«l4
56—60
30—36
62.8-65.8
72-78
(i.e.
10 duplicates)
MEAN
(us/3)
270
878
258.4
2158
254.6
8.56
39.14
14
23.4
40.16
13.38
12
12
12.4
57.8
33
64.2-
75.6
STANDARD
DEVIATION
(ug/g)
10.54
11.35
4.79
71.46
4.60
.21
.55
1.90
1.42
.41
1.27
1.14
2.36
1.25
1.84
(
N
o
t
e
:
A
l
l
S
a
m
p
l
e
s
P
e
r
f
o
r
m
e
d
o
n
Q
.
A
.
1
3
7
;
e
x
c
e
E
t
i
o
n
(
*
)
o
n
A
.
A
.
S
.
)
COEFFICIENT
OF VARIATION
(2)
3.9
1.29
1.85
3.31
1.81
2.41
1.41
8.11
3.54
10.2
1.96
722
1.95
2.43
 
 1
.
9
6
%
b
y
e
m
i
s
s
i
o
n
S
p
e
c
t
r
o
g
r
a
p
h
a
n
d
7
.
2
%
b
y
a
t
o
m
i
c
a
b
s
o
r
p
t
i
o
n
(
N
o
t
e
h
o
w
e
v
e
r
,
t
h
a
t
t
h
e
r
e
S
p
e
c
t
i
v
e
m
e
a
n
P
b
v
a
l
u
e
s
f
o
r
t
h
e
t
w
o
i
n
s
t
r
u
m
e
n
t
s
v
a
r
y
s
i
g
n
i
f
i
c
a
n
t
l
y
i
n
c
o
n
c
e
n
t
r
a
t
i
o
n
)
.
T
h
u
s
,
t
h
e
e
m
i
s
s
i
o
n
s
p
e
c
t
r
o
g
r
a
p
h
s
e
e
m
s
t
o
b
e
m
o
r
e
p
r
e
c
i
s
e
t
h
a
n
t
h
e
a
t
o
m
i
c
a
b
s
o
r
p
t
i
o
n
f
o
r
m
o
s
t
o
f
t
h
e
e
l
e
m
e
n
t
s
studied.
A
n
a
l
y
s
e
s
o
f
w
a
t
e
r
w
e
r
e
a
l
s
o
s
u
b
j
e
c
t
e
d
t
o
a
s
i
m
i
l
a
r
t
e
s
t
f
o
r
r
e
-
p
l
i
c
a
t
i
o
n
o
f
t
h
e
r
e
s
u
l
t
s
.
F
i
v
e
s
a
m
p
l
e
s
o
f
a
s
i
n
g
l
e
b
a
t
c
h
o
f
w
a
t
e
r
f
r
o
m
a
s
i
n
g
l
e
s
i
t
e
w
e
r
e
a
n
a
l
y
s
e
d
a
n
d
t
h
e
m
e
a
n
a
n
d
v
a
r
i
a
t
i
o
n
s
c
a
l
c
u
l
a
t
e
d
.
T
h
e
s
e
s
h
o
w
e
d
a
l
o
w
c
o
e
f
f
i
c
i
e
n
t
o
f
v
a
r
i
a
t
i
o
n
a
s
i
n
d
i
c
a
t
e
d
i
n
T
a
b
l
e
2
,
y
e
t
n
o
t
a
s
l
o
w
a
s
t
h
a
t
a
c
h
i
e
v
e
d
i
n
t
h
e
s
e
d
i
m
e
n
t
s
r
e
p
r
o
d
u
c
i
b
i
l
i
t
y
t
e
s
t
i
n
T
a
b
l
e
1.
O
v
e
r
a
l
l
,
B
a
r
r
i
n
g
e
r
(
1
2
)
h
a
d
f
o
u
n
d
t
h
a
t
t
h
e
e
m
i
s
s
i
o
n
s
p
e
c
t
r
o
g
r
a
p
h
h
a
s
c
o
m
p
a
r
a
b
l
e
l
i
m
i
t
s
o
f
d
e
t
e
c
t
i
o
n
a
n
d
p
r
e
c
i
s
i
o
n
t
o
t
h
e
a
t
o
m
i
c
a
b
s
o
r
p
t
i
o
n
S
p
e
c
t
r
o
m
e
t
r
y
a
n
d
t
h
a
t
i
t
h
a
s
a
g
r
e
a
t
e
r
s
e
n
s
i
t
i
v
i
t
y
i
n
t
h
e
c
a
s
e
o
f
s
o
m
e
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TABLE 2
 
PRECISION TEST 0N WATERS
(1.6. 5 duplicates)
NOTE: All Samples Performed on Q.A. 137
 
ELEMENT RANGE MEAN STANDARD COEFFICIENT
(ugﬁml) (ugﬁml) DEVIATION OF VARIATION
(Jug/m 1) (7°)
Na 11.3—11.7 11.5 .187 1.63
K 11.3-12.4 11.52 .492 4.27
Sr .539-.555 .545 .007 1.20
Si 4.00-4.94 4.52 .396 8.75
As 2.33-2.58 2.402 .102 4.25
Ni .145-.194 .16 .020 12.56
Pb 1.06-1.21 1.098 .065 5.92
Zn .357-.394 .367 .016 4.38
 FIG. 3.
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Figure 4. These indicate that there is little difference in values be-
tween the two instuments for Zn, Cu and Ni.
However, in the case of Pb,
at the time of the analysis the emission spectrograph seemed to be indicating
higher values.
Although the precision of Pb analyses was excellent,
certain errors may be encountered which can lead to inaccuracy.
These
errors which caused the high Pb concentrations are the result of matrix
effects within the emission Spectrograph.
(For example,
the spectral
interference of the Pb line with the Ca line).
In the future, a tech-
nique will be devised in order to compensate the interferent's properties
or determine its concentration in order to subtract its effect from the
analytical results.
Conclusively, the precision and accuracy tests based upon the use
of the emission spectrograph indicated that the partial ionic extraction
technique used on the sediments studied for chemical analysis is suitable
for the purpose of the preSent study, Consequently the anomaly discovered
by this technique is real and conclusions based upon these results may be
valid.
Due to the inaccuracy yet good precision for some of the elements
determined by the emission Spectrograph, the geochemical relationships
existing between the bottom sediments, suspended sediments, stream waters
and
well waters,
were
determined
only
on
an/empirical
basis.
B. ADDITIONAL CHEMICAL ANALYSIS
 
Cation exchange analyses were performed on the bottom stream sedi-
ments at the anomaly site and also on the drill core sediments from well
NI which was studied because it is adjacent to the highest abnormality site
in the study area. The results of this study may lead to an explanation
on the transportation mechanism of the heavy metals. The sodium acetate
method (13) was chosen for determining the cation exchange capacity.
The percentage organic matter in the bottom sediments and in the
core NI sediments was determined to see if any relationship existed with
the cation exchange capacity of the sediment and the organic matter. The
percentage of total carbonates was determined in the bottom sediments and
in the core NI sediments to see if any increase in concentration may be
due to the underlying carbonate bedrock. Both of the above parameters
were done by the method of loss on ignition (14). The ignition temperature
for the organic matter uged was 420°C, while that for the carbonate
determination was at 850 C.
The presence of sulphur and hydrocarbon was examined by mass spectro-
metry of material collected from bottom stream sediments in the anomalous
area. The minus eighty mesh fraction of the sediment sample was placed
in a thimble of the soxhlet extractor and extracted with anhydrous ether
 FIG. 4.
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The results from the detailed geochemical study on bottom stream
sediments from Watershed AG—lO are shown in Figures 5-25 inclusively,
in which the relative concentration of each element is plotted at the
respective location. The anomalous north central sector of the watershed
is indicated by high concentrations of Na, K, Sr, Si, As, Pb, Zn, Cd, Ni,
Ti, Ag, Sn and Mo shown in Figures 5—17; low concentrations of Be and Fe
in Figures 18 and 19 and random concentrations of Al, Mn, Cu, Cr and P in
Figures 20-24 inclusive. Overall, there is a fairly uniform distribution
of Y as shown in Figure 25 dispersed throughout the entire watershed.
What follows is a geochemical hypothesis to explain the origin of the
anomalous site in the north central sector of the North Creek Watershed.
The anomalous area was examined for possible relationships existing
between the bottom sediments, suSpended sediments, stream waters and well
waters; in other words, the four parameters studied. Samples of these
four types of material were taken biweekly for a total of fourteen weeks.
The concentrations of each of the twenty elements were measured for each
sample and the reSults shown in Figures 26-45 inclusively.
As
a m
ean
s o
f d
emo
nst
rat
ing
the
val
ues
obt
ain
ed
for
ana
lys
es
of
the
four
type
s of
mate
rial
(Fig
ures
26-4
5 in
clus
ive)
in t
he a
noma
lous
area
of
the north central sector, the bottom sediments are grouped into three
cate
gori
es,
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t gr
oup
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and
the
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the
sta
bil
ity
of
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ime
exc
ept
for a decrease in the month of October for elements Ca, Sr, Ag, and As.
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The stream waters may be divided into four groups. The first group
consisted of elements whose concentration does not vary withtime, such
as Na, K, Sr, Cu, Cr, Si and Be. The second group P, Zn, Pb, Cd, As, Ni
and Sn are those in which the chemical concentration increased abruptly
from September 28/76 to October 13/76. During the same period, the
chemical concentrations for Fe, A1, Mn and Ti, decreased with time. The
last group consisted only of calcium, the chemical concentration of which
does not fluctuate greatly with time, except for a sudden decrease on
October 13/76.
Extreme anomalous conditions are well defined for site "H" in Figures
26-45 inclusive and in Appendix 1 for the November 26/76 collected samples.
A general observation of site "H" indicated that Na and Sr are the only
elements which show a positive correlation in the geochemical distribution
patterns of the four studied materials, bottom stream sediments, sus—
pended sediments, stream waters and well waters. A positive correlation
in the geochemical patterns existed between the well waters and stream
waters for most of the elements studied. In addition, the elements Ca,
Mn,
Zn,
Pb,
Cd,
Ag,
Ni,
and
Cr a
t si
te "
H" h
ave
Spat
iall
y a
dire
ct r
e—
lationship amongst the suspended sediments, stream and well waters yet an
indirect relationship with the bottom sediments. Elements that are high
only in suSpended sediments are K, Si, Fe, A1, Be, As, Ti and Cu,
Site
"L"
was
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ly a
noma
lous
rela
tive
to s
ite
"H"
in t
he g
eoch
emic
al
dist
ribu
tion
patt
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for
both
the
bott
om a
nd s
uspe
nded
sedi
ment
s,
as
shown for Zn, Ag, Sr and Ca in Figures 30, 37, 26 and 28 respectively.
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mat
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nts
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App
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p
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SURFACE WATER ANALYSIS FROM THE ANOMALOUS STUDY AREA
(waters sampled on Nov. 26/76) {aﬂ?:;3"
,
crg|g
I“ to
1.8 km
.
LOCATION A B F H J L M
CONCENTRATION UNITS (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
8102
5.31
1.41
4.23
1.41
2.12
4.95
0.71
1.41
Fe
.092
.092
.138
.092
.184
.046
.138
.092
Ca 940 ' 124 76 145 103 117 61 71
Mg
44
64
29.5
260
92 ' 66.5
49.5
49
Na 17 17.5 9.5 87.5 45 35 28 34.5
K
10.5 50 14 11 10 10.5 10.5 30.5
ALKALINITY 162.2 209.7 74.4 241.4 318.2 274.3 182.9 267
CI 110 195 61 28 75 70 55 70
$04 175 240 170 1387 380 330 170 170
N03( 88 N) .518
.270
.217
9.30
.027
.239
2.466 .288
N02( as N)
.043
.128
9.020
.220
.013
.020
.076
.131
NH3( 88 N) .911 .219 .061 .143 .061 .143 .219 2.125
SOLUBLE P
.021
.023
.060
.018
.025
.026
.026
.082
TOTAL DISSOLVED SOLIDS 531
794
397
2047
862
764
466
557
5
8
IONIC STRENGTH
.014
.020
.010 ’ .060
.022
.018
.012
.011
SPECIFIC CONDUCTANCE 860 1320 640. 2500 1330 1150 760 880
(micromhos @ 25°C)
pH @ 20‘0 7.5 7.4 7.8 8.2 8.3 8.1 8.1 7.7
Log 8002 -1.29 ‘-1.82 -1.76 -2.41 -2.42 . -3.22 -1.54 -1.32
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4
.7
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1.
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.2
56
.2
69
.2
69
.7
80
TO
TA
L
CA
II
ON
S
I
9.
32
5
13
.5
02
6.
99
6
"
32
.7
33
14
.9
31
3
13
.1
09
9.
60
8
9.
86
1
5
9
A A
LK
AL
IN
IT
Y
2.
65
8
3.
43
7
1.
21
9
3.
95
7
5.
21
6
4.
49
6
2.
99
7
4.
37
6
c1
3.
10
3
5.
50
1
1.
72
1
.7
90
2.
11
6
1.
97
5
1.
55
2
c
1.
97
5
30
4
3.
64
4
4.
99
7
3.
53
9
28
.8
77
7.
91
2
6.
87
1
3.
53
9
3.
53
9
N0
3
.0
08
37
.0
04
39
.0
03
5
.1
50
'
.0
00
42
9
.0
03
65
.0
39
8
'.
00
48
7
TO
TA
L
AN
IO
NS
9.
41
4
13
.9
41
6.
48
4
'
38
.7
87
15
.2
46
13
.3
47
8.
13
1
9.
89
6
PE
RC
EN
T
DI
FF
ER
EN
CE
(7
9
.9
52
3.
25
3
7.
89
3.
22
1
2.
11
1.
81
6
5.
87
.3
59
81
:2
1:
82
»:
CA
TI
ON
S
8
41
11
01
13
Ca
/M
g
1.
3
1.
2
1.
6
.3
4
.6
8
1.
1
.7
5
.8
8
ac
o3
/s
04
.7
29
.6
88
.3
44
  
 
 17'?
[2
   
 
«us
He
says awning:
 
A8
GBiNESEHdEH
SV
-<——-— "‘2'.I BUS W083 WVEHLSNMOG (5311“)33NVLSIG
9'2
6'3
3'?
[I
‘2‘
 
0|
           
KuuuDMIV
ﬁ
n
s
02
the
\M
2ON a 1:)
0N
.1 ..
R
I
»
GN3931
   
O [
0
-
‘
-
—
—
—
(
J
N
!
I
1
9
"
3
$
U
O
I
D
A
l
n
b
°
I
I
I
I
W
)
N
O
I
l
V
E
L
L
N
B
O
N
O
O
H
SHdVHE)
8V8
"IVOILHBA
ELLIS
snmvwow
3H_L
:IO
AHLSIWBHO
HELLVM
S
E
6
0
'07 '91:!
 
TABLE 5 Eh - pH RELATIONSHIPS— (measured May [0/77)
 
SPRING
H
SI TE
0
|
E
l
r
-
‘
I
“
3
|
LO
CA
TI
ON
“
I
m
I
‘
1
!
 
 
0
7
TEMPERATURE ( C)
20
19
19
8
14
17
15
14
17
(Am TEM
P. @ 17%
;)
pH 7.7 7.4 7.9 7.2 8.5 8.0 8.5 8.4 8.0
WATERS
eH (volts) +.365 +.385 +.350 42154 +.24O +.411 +304 +.385 +.375
pE +6.29 +6.65 +6.05 ‘+2.77 +4.22 ~+7.15 +5.33 +6.77 +6.52
6
1
 
pH
6.9 7.0 7.0 7.1 7.3 ‘ 7.0 7.5 7.0 - 6.8.
SEDIMENT
-WATER
eH (volts) +.195 +.220 +.191 +.005 +.140 +.185 +.l49 +.190 +.193
INTERFACE
pE
+3.36 +3.80 +3.30 + .09 +2.46 +3.22 +2.59 +3.34 +3.36
   
 
POSITION DOWNSTREAM -(ie.A - O indusive‘l-
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The compilation of geochemical patterns from cores N1 and N2, led to
the conclusion that the upper N13 section is anomalous with reSpect to
its surrounding horizons. Heavy metals, such as zinc, have a concentration
in the sediments of the N13 layer above the level of the water table (mea-
sured August 31/76) four times greater than that of the sediments in the
adjacent core at N23 also above the water table level (meaSured August 31/76).
1 This is shown in Figure 50. Similarily to sections N13 and N23 adjacent
to stream sites "H" and "L" respectively, the concentration of zinc in
bottom sediments at site "H" is greater than that at site "L" by ten fold
(Figure 11). Therefore it was decided to study the lithology and geo-
chem
istr
y of
the
core
N1 s
edim
ents
to d
eter
mine
if o
ther
corr
elat
ions
exis
t
between the N13 section and that of the adjacent stream site "H".
Fig
ure
54
ill
ust
rat
es
the
clo
se
ass
oci
ati
on
in
geo
che
mic
al
dis
tri
-
but
ion
pat
ter
ns
for
the
hig
h c
onc
ent
rat
ion
s S
r,
Ca,
Na,
K,
Zn,
Pb,
As
and
Ni
wit
h
che
mic
al
pat
ter
ns
for
inc
rea
sin
g
amo
unt
s o
f
pH,
cat
ion
exc
han
ge
ca
pa
ci
ty
,
pe
rc
en
t
or
ga
ni
c
ma
tt
er
and
pe
rc
en
t
ca
rb
on
at
es
ab
ove
the
wa
te
r
tab
le
(me
asu
red
Aug
ust
31/
76)
in
the
sed
ime
nts
in
the
upp
er
sec
tio
n o
f N
13.
a
Bel
ow
and
at
the
wat
er
tab
le
lev
el
in
the
low
er
sec
tio
n
of
N13
,
the
Fe,
A1,
Si,
Be
an
d
Ti
ch
em
ic
al
co
nc
en
tr
at
io
ns
ten
d
to
de
cr
ea
se
in
th
is
sa
nd
y
ho
ri
-
zon
.
Th
e
de
fi
ci
en
cy
of
the
Fe,
A1,
Si
and
Be
co
nc
en
tr
at
io
ns
is
ex
pl
ai
ne
d
by
the
la
ck
of
cl
ay
(ie
;
Fi
gu
re
54)
;
wh
il
e
ti
ta
ni
um
's
ap
pa
re
nt
de
fi
ci
en
cy
at
the
wa
te
r
ta
bl
e
is
eX
pl
ai
ne
d
by
its
im
mo
bi
li
za
ti
on
in
the
st
ab
le
4+
oxidation state in an oxidizing environment.
No
te
th
at
th
e
ca
ti
on
ex
ch
an
ge
ca
pa
ci
ty
an
d
pe
rc
en
t
or
ga
ni
c
ca
rb
on
is
ve
ry
hi
gh
in
bo
th
th
e
bo
tt
om
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di
me
nt
s
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si
te
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 location with depth), best fitted the textural dimensions of the bottom
sediments at site "H" rather than the upper N13 section
(sediment sample
No. 13 location with depth).
In addition, the heavy metal concentrations,
such as 500 ppm for Zn in the bottom sediments at site "H" correSponded
best to the 500 ppm for Zn concentration in the sediments of the lower
section of N13 rather
than the 2000 ppm Zn concentration in the sediments
of the upper N13 section.
Therefore,
it appeared that groundwater dis-
charging towards the surface, may move
laterally through the sandy sedi-
ments of the lower N13 layer towards the daylight surface at site "H",
while
sediments of the upper N13 layer collect
the bulk of the major
and minor
dissolved
constituents
in
the organic
fraction.
 
This suggested that it may be possible to correlate the water quality
data,
especially
the dissolved
elements
with
the
underlying
bedrock
com—
position and nature.
Surface water
data, concerning the concentrations
, +1- ++ ++ — -- -
of major
cations,
Ca
, Mg
, K
, H,
and
anions
Cl
, $04
, HCO3
,
- 0
0H , 8102 , were calculated to list ion Speciation by a WATFIV computer
program (16).
This mixing calculation is dependent upon the total concentratiom:
of the
major
element
species,
temperature
and
pH,
which
then
distributed
the
O 0 -
_
_
0
+
o
+
o
+
ions into ion pairs such as:
H2C03 , MgOH , Mg804 , MgHC03 , MgCO3 , CaOH ,
- o
NaSO NaCI , KSO4 ,
o + o -
4 , CaHCO3
, CaCO3
,
4 , NaZSO4 , NaCO3
, Na2C03
,
.. 0 O 0 - -—
KCIO, H804 , H2804 , HCI , 1143104 , H3SiO4 , and H2Si04
, and then lists
CaSO
them into the reSpective
parts per million, molality and activity units,
Note that the total concentrations for each element are defined by similar
++ +
total = Mg + MgOH +
o
+
O
1
MgSO4 + MgHCO3 + MgCO3 . In addition, the computer program calculated
relationships
to
that
for
magnesium
ie.
Mg
the partial pressures of carbon dioxide and the saturation indices
(8.1.) for minerals derived from the above ion Speciation process.
For
example,
considering each of the mineral's
solubility product (Ksp)
at a Specified temperature near 0 C (this was the approximate temperature
at which the waters were sampled on November 26/76) and its respective
ionization product (RIP), 8 solution will be thermodynamically over—
saturated with reSpect
to a certain mineral, if the latter
(KIP)
exceeds the former (KSp). In this way it may be possible to identify
concentrations of unusual constituents in groundwater and surface water
m
a
m
—
’
"
w
h
‘
.
V
W
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"
;
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"
\
‘
a
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”
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at
the
anomalous
site,
and
thus
provide
a
natural
tracer
by
which
the
bedrock
source
of
the
water
can
be
identified
(17).
For
example,
the
individual
mineral
saturation
indices
will
indicate
whether
dissolution
or
precipitation
proceSSes
occur
at
a
certain
site
in
these
natural
waters.
Reference
to
Figure
56,
indicates
that
minerals
such
as
brucite,
hydromagnesite,
nesquehonite,
and
huntite
were
all
undersaturated
in
the
surface
waters,
whereas
minerals
like
aragonite,
magnesite,
calcite
and
dolomite
were
all
saturated
or
even
supersaturated
in
the
anomalous
Sur-
face
waters
(especially
sites
"H",
"I"
and
"L").
Note
that
the
natural
waters
at
sites
"I"
and
"L"
in Figure
56
are both
supersaturated
for
the
latter set of carbonates, while the waters at site "H" are only at the
saturation
point
for
those minerals.
This correSponded with
their
abundance
of
carbonates
in
the
bottom
sediments
at
sites
"H",
"I"
and
"L".
Furthermore, activity and predominance diagrams are conveniently provided so
as to represent a graphic summary of the mineral sequences if equilibrium
were attained.
The activity diagram (18) in Figure 57, where the log
activity ratio of Mg:H versus the log activity ratio of Ca:H , show that
the surface waters throughout the anomalous North Creek section are more
stable in the dolomitic phase rather than the magnesite of calcite phases.
The predominance diagram (19) in Figure 58 provided additional information,
that the anomalous surface waters are in slight equilibrium between the
argonite and huntite metastable phases yet completely equilibrated in the
dolomitic stable phase. Therefore, the surface waters along the anomalous
section seem to have some contribution_of carbonate constituents from the
Lockport and Guelph Dolostone Formations through groundwater interactions.
The ratio of Ca:Mg is useful in studying waters derived from car-
bonate rocks. The CazMg ratio in waters from a dolomitic source, tends
to reflect the 1:1 composition (20) of those ions in the rock, so long as
the solution is not subjected to too many influences that may cause CaCO3
precipitation. Table 4 indicates that the Ca:Mg ratio is low at the
ext
rem
e a
nom
alo
us
site
"H"
(lo
cat
ion
adj
ace
nt
to
the
Spr
ing
site
) a
t a
valu
e of
0.34
whic
h no
rmal
ly c
orre
spon
ds w
ith
the
hydr
olyz
ate
type
s (2
1).
Ref
ere
nce
to
Tra
ver
se
"A"
on
the
wel
l l
ith
olo
gie
s (
22)
in
Fig
ure
sS9
and
60,
'in
dic
ate
d a
sha
le
uni
t (
well
No
31)
wes
t o
f t
he
ano
mal
ous
site
"H".
Th
is
sh
al
e
un
it
is
pr
ob
ab
ly
the
“V
in
em
ou
nt
Sh
al
e"
(s
tr
at
ig
ra
ph
ic
al
ly
kn
ow
n
as
th
e
Lo
we
r
Er
am
os
a
Do
lo
mi
ti
c—
Sh
al
e
Be
d)
,
wh
ic
h
is
pr
es
en
t
in
Ha
mi
lt
on
,
ye
t
is
kn
ow
n
to
pi
nc
h
ou
t
so
me
wh
er
e
to
wa
rd
s
th
e
ea
st
.
Th
e
Ca
zM
g
ra
ti
o
ma
y
ho
we
ve
r
be
mi
sl
ea
di
ng
he
re
be
ca
us
e
th
er
e
ma
y
be
mi
xi
ng
of
th
e
wa
te
rs
de
ri
ve
d
fr
om
th
e
Lo
we
r
Er
am
os
a
Do
lo
mi
ti
c-
Sh
al
e
Be
ds
wi
th
th
e
do
lo
mi
ti
c
wa
te
rs
of
th
e
Up
pe
r
Er
am
os
a
Be
ds
an
d
th
e
Gu
el
ph
Fo
rm
at
io
n.
Al
te
rn
at
iv
el
y,
th
e
lo
w
Ca
zM
g
ra
ti
o
ca
n
be
ac
co
un
te
d
fo
r
by
th
e
in
co
ng
ru
en
t
di
ss
ol
ut
io
n
of
th
e
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 dolostone formations, resulting in CaCO3 precipitation (evidence of calcite
crys
tals
in b
edro
ck
vugs
of c
ore
N1 a
s sh
own
in F
igur
e 48
).
Note
that
the
Vine
moun
t Sh
ale
cont
ains
up t
o 50
% cl
ay m
iner
als
and
fiss
ures
of c
arbo
nace
ous
material (personal communication, MOStaghel, 1977). In addition, the
compilation of geochemical data (23) of glaciolacustrine silts and clays,
till and underlying bedrock units from the study area (Table 6), Suggests
that elements such as Zn, Pb, Fe, Mn, are derived mainly from the Lower
Eramosa Dolomitic-Shale Beds. This dolomitic-shale bed carries
vugs
cont
aini
ng s
phal
erit
e,
gale
na,
calc
ite,
dolo
mite
, g
ypsu
m,
cele
stit
e
and many other mineral grains, and it is probable that the dissolution of
these minerals contributes towards the circulating groundwaters. Elements
such as Ni, Cr and Cu, may be derived from association with the sulfides
as trace elements in the bedrock or even from the dissolution of the heavy
minerals incorporated into the local till matrix, from which dissolved
constituents are contributed to the overall composition of the groundwater.
Returning to the mineral stabilites in these anomalous surface
waters, dolomite for example is supersaturated, and thus favourable to
precipitate thermodynamically; yet it will not form as the result of the
involvement of kinetic principles. The nucleation of highly ordered
structures (24) such as dolomite is a slow process at low temperatures
and when in competition for Ca++ and CO3- ions in a solution with respect
to calcite, dolomitic precipitation is prevented. The same principle
applies to other carbonates, in that nucleation is needed for precipitation
to occur. The rate of nucleation (25) is dependent upon the interfacial
energy, supersaturation, temperature and the collision frequency efficiency
factors. Thus calcite, for example will precipitate if the following con-
ditions are met, high pH; low carbon dioxide partial pressure, Super-
saturation; high rate of nucleation; common ion effect; minimal solid
solution with other metal ions; and finally minimal shielding action of the
electrolytes. Generally then, if the thermodynamic and kinetic factors
are satisfied, precipitation will result. Another complicated example of
a given solubilityrelation at the anomaly site, is that of magnesite,
which exists with one of the stable hydrates either nesquehonite or
hydromagnesite. Magnesite (26) is formed either by high temperature or by
slow alteration of these stable hydrated carbonates. The latter is probably
what happened in the anomalous site for the saturation of magnesite in the
North Creek waters, as indicated by the saturation level diagrams in Figure
56. For example, the neSquehonite and hydromagnesite phases are under-
saturated in their metastable states, while magnesite is slightly over-
saturated.
78
  
 T
A
B
L
E
6
 
COMPARATIVE TABLE ON THE GEOCHEMICAL COMPOSITION OF THE LOCAL SOIL AND BEDROCK WITH THE ANOMALOUS GEOCHEMICAL VALUES
GLACIOLACUSTRINE SILTS AND CLAYS:
Background range for bottom stream sediments in
the Watershed
gnomalous stream sediment value from study area
Anomalous sediment value from core N1 (section N 13)
“ALTON TILL:
 
Underlying Halton T111 at anomaly (core N1)
Halton Till, 3 mi. N.E. of anomaly (Feanstra, 1977)
Halton Till, 4 mi. N.W. of anomaly (Barnett , 1975)
BEDROCK:
Underlying dolostone a: anomaly site (core N1)
Eramosa nnoatone Member (Warren & Devault,1961)
Upper Eramosa Doloatone Member (Mostage1,1977)
Lower Eramosa Dolomitic - Shale Member (Mostdgel,1977)
Goat Island Doioarone Member (Moatagel, 1977)
Gaspar: Limestone Member (Mostagol, 1977)
 
Zn (ppm)
Pb (ppm)
Fe (ppm)
Mn (ppm)
Ni (Pin)
25 - 50
25 - 50 9,000 - 9,500 400 — 800
8 - 12
439
134
5,920
886
184
2,000
245
2,000
800
40
416.8
215.4
5,000
700
24.9
77 - 147 19 - 65
-
-—
22 - 36
338
104.32
5,513.33
257.78
22.21
325
61
-—
-
‘—
636.06
773.77
7,277.05
896.72
-——
1,037.50 912.50 11,575.00 1,975.00
——-
273.07
855.76
6,811.54
1,290.38
‘—
307.93
806.34
7,279.36
1,007.94
“
TYPE OF EXTRACTION USED
 
Present Study - Cold 12 Z V.v. hydrochloric acid
Barnett, 1975 - Hydrofluoric and perchloric acid mixture
Feenstra, 1977 - Pcrchloric acid
Mostagel, 1977 - Fusion with mixture of lithium carbonate
and boric acid
Warren & Devault, 1961 - Aquia regia
Cr (ppm)
20 - 25
43.7
42
23.8
60
- 7
7
55
20.58
Cu (
Pm)
10
- 1
5
42.3
43
9.8
36 - 57
45
3.4
NUMBER OF
SAMPLES
250
6
1
52
6
3
 It
sh
ou
ld
be
no
te
d
at
th
is
po
in
t,
th
at
the
wa
te
rs
co
nt
ai
ne
d
lo
w
p0
02
(i
e
Ta
bl
e
3)
at
th
e
an
om
al
ou
s
si
te
.
Lo
we
r
eq
ui
li
br
iu
m
CO
pr
es
su
re
s
(2
7)
usu
all
y
res
ult
in
a h
igh
deg
ree
of
sat
ura
tio
n
for
a g
ive
n
flo
w r
ate
,
and
thu
s
sim
ila
ril
y,
wou
ld
hav
e
a s
ign
ifi
can
t
con
tro
l
on
the
sta
te
of
sat
ura
tio
n
of
the
Spr
ing
wat
ers
at
sit
e "
H".
The
ref
ore
,
the
los
s o
f c
arb
on
dio
xid
e i
s
the probable cause of the saturated surface waters.
In
the
ano
mal
ous
area
, m
ine
ral
s s
uch
as
sod
ium
car
bon
ate
s a
nd
sod
ium
sulf
ates
were
unde
rsat
urat
ed i
n th
e s
urfa
ce w
ater
s,
as s
hown
by t
he
satu
rati
on l
evel
s in
Figu
re 6
1.
Mine
rals
like
anhy
drit
e we
re u
nder
-
sat
ura
ted
in
the
wat
ers
whi
le
gyp
sum
was
fou
nd
to
be
sup
ers
atu
rat
ed
in
the
wate
rs
at t
he a
noma
lous
site
"H"
(ie
Figu
re 6
1),
The
form
atio
n of
gyps
um (
28)
ofte
n ta
kes
plac
e un
der
non-
equi
libr
ium
cond
itio
ns
and
kine
tic
fact
ors,
whil
e a
nhyd
rite
shou
ld b
e fa
vour
ed a
t hi
gher
temp
erat
ures
.
Note
that
the
high
sulf
ate
cont
ent
may
have
been
deri
ved
eith
er f
rom
the
dis-
solu
tion
of g
ypsu
m cr
ysta
ls f
rom
the
unde
rlyi
ng b
edro
ck o
r by
repe
titi
ve
oxidation of sulfide minerals.
Fro
m t
he
sur
fac
e w
ate
r d
ata
in
Tab
le
3 o
n t
he
abu
nda
nce
of
maj
or
+ + ++
cation constituents (ie Na , K , Ca , Mg ) at the anomalous site "H"
(ie which reflects a significant groundwater contribution to the North
+
Creek Waters), K was not considered as one of the predominant cations
in the groundwater. Potassium in water does not become hydrated, yet
it best fulfills the crystallochemical condition (29) required for the
stability of certain clays. Thus, because of the preferential absorption
and incorporation into the silicate structure of“clays,potassium is much
less abundant in solution of the hydrosphere than sodium.
The
alk
ali
ne
ear
th
ion
s,
ie
Ca
and
Mg,
are
rou
ghl
y c
ons
ide
red
by
most
wate
r ch
emis
ts
to b
e tw
o io
ns w
ith
simi
lar
beha
viou
r in
the
hydr
o-
sphere. However, the geochemical behaviour of magnesium (30) is sub-
stan
tial
ly d
iffe
rent
from
that
of c
alci
um.
Magn
esiu
m io
ns a
re s
mall
er
tha
n s
odi
um
or
cal
ciu
m i
ons,
and
the
ref
ore
, h
ave
a s
tro
nge
r c
har
ge
den
sit
y
and a greater attraction for water molecules. This may also explain the
low
Caz
Mg
rat
io
in
the
ano
mal
ous
wat
ers
in
tha
t m
agn
esi
um
wil
l t
end
to
for
m
solu
ble
hydr
ated
comp
lexe
s, w
hile
calc
ium
form
s p
reci
pita
tes
(ie
calc
ite)
at low temperature.
Fig
ure
s 2
6 a
nd
27
ind
ica
te
tha
t t
he
che
mic
al
con
cen
tra
tio
ns
of
Sr
and
Na p
redo
mina
te i
n al
l of
the
four
meas
ured
para
mete
rs a
nd a
s su
ch,
have
a
great affinity for absorption into sediments at site "H". This, however does
++ +
not mean that Sr ‘and Na have a greater exchangeable cation status than the
80
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other cations since ions like Ca++ and K+ may be incorporated into clay
minerals in their hydraulic movement from the bedrock to the daylight sur-
face. Calcium has been known to be the most common exchangeable cation in
soils, as noticed at site "H". Interesting is that the heavy metal geo—
chemical patterns in Figures, 30, 31, 32, 37, 38, 44 for elements Zn, Cd,
Pb, Ag, Cr, Mn, respectively, are somewhat identical with the geochemical
patterns for calcium (Figure 28) in almost all of the four studied parameters
along the stream.
The other interesting aSpect from Figures 26-45 inclusive, is that
elements such as Fe, Al, Si, Be, K, As, Cu, Ti, only increased in the sus-
pended sediments rather than in the other three studied parameters, The
reason is that, some of these elements will tend to form stable hydro—
lysates (ie Fe(OH)3, A1(OH)3, Be (OH)2, Ti(OH)4) as a result of the
oxidizing stream water environment and eventually precipitate at the
orfice and further downstream depending upon the residence time in these
surface waters. The ferric iron was seen as a reddish—brown precipitate,
probably hematite, goethite, or ferric hydroxide, on the bank of the
spring orfice.
Observations of the anions in the surface waters at the anomalous
site "H" in Table 3, showed lowconcentrations of chloride and ammonia,
yet high concentrations of nitrate, sulphate and alkalinity. The com-
bination of the lesser chloride content with a higher nitrate content
may be the result of the chloride sorption into clays (31) or incorporation
into organic matter in the subsurface horizons (ie upper section of N13)
in the anomalous area. Similarily, the low ammonia concentration at the
anomalous site was probably caused by its absorption into clays; most
+
likely in the NH4 state (32).
The high sulphate content results from the oxidation of sulphide
minerals (either chemically or by bacterial action) and the dissolution
of gypsum. The high alkalinity was derived from the mixing of the carbonate
groundwaters withthe surface waters. The bicarbonate ion predominates
over the carbonate ion since these waters are in the pH range of 7—11 (33).
After the Spring water, with its high alkalinity and sulphate content
enters the surface waters, the formation and precipitation of hydroxides,
carbonates and sulphates of the alkalis, (ie Na2003), alkali earths (ie
Casoé. 2H20) and heavy metals (ie ZnCO PbSOa) occured. The rate of for-
3’
mation of these metal Species depend greatly upon kinetics, supersaturation
82
 
  
pH, precipitation, discharge etc. The concept of co-precipitation (34) of
heavy metals with hydroxides, carbonates and sulphates, is a very impor-
tant means in controlling the metal concentration in an aquatic environ—
ment.
Precipitation and discharge should be noted as only part of the
contributing factors in controlling precipitation of mineral Species in
natural waters. For example, discharge increased (Appendix 6) in the month
of October, 1976 while precipitation decreased steadily from September, 1976
to November, 1976 (Appendix 7). As noted earlier, the chemical concen-
trations of Na, K, Zn, Cd, Pb, Ni,Sr and Cr increased in bottom sediments
with time. This may be explained by the subsequent decrease in precipi-
tation which would lower the transportation rate of these elements and cause
their subsequent fallout into the sediments. The other group classified
for the bottom sediments, was the stability pattern of chemical concen-
trations with time except for a decrease in concentration in the month
of October for elements Ca, Sr, Ag, and As. This can be explained by
the increased discharge rate in the month of October. This explanation
can also be applied to one of the mentioned suSpended sediment groups,
which classified elements as moderately increasing their concentrations
with
time
exce
pt f
or a
decr
ease
in t
he m
onth
of O
ctob
er n
amel
y Ca
, Na
, Sr
,
Ag, Zn, and Pb. As for the stream waters, the increased runoff for the
month of October caused the abrupt change in chemical concentrations.
During this period, the chemical concentrations of Fe, Al, Mn and Ti
decreased. Therefore, it appeared that ion exchange along with the
prec
ipit
atio
n an
d di
scha
rge,
seem
to b
e th
e do
mina
nt f
acto
rs i
n co
n-
tro
lli
ng
the
che
mic
al
con
cen
tra
tio
ns
in
thes
e a
nom
alo
us
wat
ers
.
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d
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Ne
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e
bo
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 FIG. 62.
Eh—pH DIAGRAMS FOR THE ANOMA/LOUS NORTH
(measured May IO/77)
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ce
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the
anomalously high metal values detected during routine monitoring. A
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wat
er
spr
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met
al
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n
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nor
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cen
tra
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or
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wat
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A g
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 cel
est
ite
and
gyp
sum
and
dis
sol
ved
met
all
ic
cat
ion
s a
nd
sul
pha
te.
The
dis
—
solution of gypsum and slight oxidation of sulphide minerals (geochemical
step 4 in Figure 64d) provided the high sulphate content in the waters at
the anomalous site.
It i
s be
liev
ed t
hat
the
dolo
miti
c-sh
ale
beds
(see
Figu
re
64b)
from
whic
h th
e gr
ound
wate
r ch
emis
try
was
deri
ved,
were
abou
t 80
0 m.
east
of t
he
anomaly site. The low Ca/Mg and HCO3/SO4 ratios in the spring waters were
characteristic of hydrolysates containing organic siliceous shale. In
addition, the heavy metal concentrations of Zn and Pb in the Spring waters
are derived from repetitive oxidation of Sphalerite and galena minerals
(40) incorporated in the sulphide rich Lower Eramosa Dolomitic-Shale Beds
(ie. refer to Table 6 as a comparitive means for suggesting that the high
Zn and Pb concentrations originate from the Lower Eramosa).
As sulphate ions are released into solution from gypSum weathering,
calcite is precipitated in the dolostones and can be seen in vugs in the
bedrock drill core N1 as the result of the incongruent dissolution of
dolomite. With precipitation of the calcite, there would be a decrease
in the supersaturation of dolomitic waters as well as a low Ca/Mg ratio
(geochemical step 5 in Figure 64d). The cation exchange would be a very
important process affecting the water chemistry of the groundwater migrating
through this dolomitic-shale bed because of the order of absorbility of major
cations (Ca>Mg>Na) in clay minerals. (One Ca will replace one Mg or two Na
and so on. As this bias in cation exchange for calcium continues, released
Mg are detected in the spring waters at higher concentrations than Ca, giving
rise to the low Ca/Mg ratio).
The low HCO3/SO4 ratio at the anomaly is an indication of increased
sulphate with low bicarbonate concentrations, thus upsetting the carbonate
equilibria. For example, in the reaction:
H ——
Ca + so,+ + 21-120 : CaSO .2H20
4
equilibrium shifts to the right when groundwaters are enriched in sulphate.
Therefore, gypsum will be supersaturated, possibly precipitating in the
spring waters because the sulphate controls the chemical reactions.
The groundwaters carrying the major constituents, characterized by low
Ca/Mg and HC03/SO4 ratios, passes from the stratigraphic bedrock contact
between the Lower Eramosa and the Upper Eramosa, upward along a sandy permeable
lens identified as the sediments from the lower N13 section of core N1, to be
finally discharged as an artesian Spring on the stream bank at site "H" (see
Fig. 64 c). The movement of minor constituents, such as heavy metals (41, 42,
43, 44, 45) in groundwater is similar to the major constituents.
For example
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 A
 chemical and physical processes appear to be primarily controlling the
spring's water chemistry for the heavy metals; emphases primarily placed
upon the comﬂexation of heavy metals with the sulphate ions, chelation
with other inorganic or organic ligands and scavenging of heavy metals by
hydrolysates (geochemical step 6 in Figure 64d).
It is now possible to discuss the character of the contaminated
groundwater leaving the aquifer on November 26/76. The stability of several
minerals in the anomalous spring water in Figures 56 and 61, shows that the
natural waters are saturated with respect to calcite, aragonite, magnesite,
and dolomite, and supersaturated with respect to gypsum (geochemical step 7
in Figure 64d). The saturation of these carbonate minerals is the result
of carbon dioxide being lost to the atmosphere,"degassing”. This in-
creases the mineral's saturation indices of the reSpective minerals
quite abruptly together with a slight increase in pH.
Downstream from the anomaly, the creek waters collected on November
26/76 appear to have the reverse situation, in that calcite, aragonite,
magnesite and dolomite are all supersaturated, whereas gypsum is under-
saturated (geochemical step 8 in Figure 64d). Thus, the carbonate equili-
bria seems solely to be the controlling mechanism downstream from the
anomaly due to the degassing of carbon dioxide from the spring-derived
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also co-precipitated (47, 48) and occur at higher than background levels in
the material analyzed for the bottom sediments. Higher metal values may
have been detected in the suspended sediments from the anomaly site, de-
pending upon the residence time of the particular matter. The heavy
metals and major constituents are high in the stream waters at the
anomaly because of the chelation with anions (ie SO , HCO3 , C0
or simply the formation of aquo metal ions.
4 3
The objective of the North Creek Study have been fulfilled by the
discovery of a source of bedrock-derived heavy elements in the anomalous
north central sector of the watershed to account for the plotted geo-
chemical distribution maps in Figures 5-25 inclusively. The origin of
the anomalous high metal values was found within the bedrock in the
north central sector and a geochemical model to explain the observed
phenomena was developed. Pollution from atmOSpheric sources, derived
from major cities nearby did not contribute significantly to the
anomalously high levels of heavy metals as the concentrations in
precipitation samples (Appendix 8) were much lower than those in the
North Creek waters. Thus, the implication that man's past or present
activities may have been reSponsible for the high heavy metal contents of
the stream water was not supported by the geochemical evidence.
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The multi-element geochemical approach, by use of the Direct
Reading Emission Spectrograph Q.A. 137, has succeeded in deriving a
solution to the problem of the source of the abnormality in the north
central sector of the watershed.
 
From the combination of data derived from the geochemical study,
as well as the chemical, electrochemical and textural determinations used
in this anomalous area, it was concluded that the anomaly is in fact caused
by natural sources rather than by man's activities. The results have
indicated artesian Springs to be the source of the anomalously high
chemical elements which are emanating at stratigraphic contacts between the
Lower Eramosa Dolomitic-Shale/Upper Eramosa Dolostone Interface and the
Goat Island Dolostone/Lower Eramosa Dolomitic Shale Interface.
The Spring waters contained high values of total dissolved solids;
specific conductance; ionic strength, the anions, 804, H003, N03 together
with minute amounts of NH and Cl; soluble cations, Ca, Mg, Na, together
with minute amounts of K; and heavy metals, Zn, Cd, Pb, Ni, Ag, Cr, to-
gether with low concentrations of Fe and Be. The eH-pH data for the spring
waters revealed that this secondary environment is slightly oxidizing.
The cause of these anomalous waters can be explained by the dissolution of
gypSUm and carbonate minerals of the Lockport Formation in conjunction with
the oxidation of the disseminated sulphides such as sphalerite and galena
which are normal components of the dolomitic-shale beds of the Lower Era-
mos
a.
The
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wat
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e m
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at the Spring to become part of the North Creek waters. Sulphate is the
predominate anion in controlling the spring's water chemistry by com-
plexation with the solubles and heavy metals. Gypsum thermodynamically
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the
larg
est
Spri
ng.
Down
stre
am f
rom
the
y i
spr
ing
site
, t
he
cha
nge
s i
n t
he
sat
ura
tio
n o
f t
he
car
bon
ate
min
era
ls
are
‘
the
resu
lt o
f th
e sa
tura
ted-
bedr
ock
mine
ral
wate
rs l
osin
g ca
rbon
diox
ide
on
‘ ‘
mov
ing
tow
ard
s e
qui
lib
riu
m w
ith
the
atm
OSp
her
e,
res
ult
ing
in
a s
uper
—
91
 
 saturated solution of calcite, aragonite, magnesite and dolomite. Thus,
carb
onat
e e
quil
ibri
a is
more
impo
rtan
t in
the
Nort
h Cr
eek
wate
rs d
ownd
ip
from the spring site rather than sulphate chemistry.
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The extent of pollutant contributions is primarily dependent upon
the precipitation and discharge levels of the stream waters at the
time of sampling. Precipitation plays a dominant role in supplying the ground-
water with carbon dioxide; as surface water seeps through the soil zone
and increases the recharge area northwest of the anomaly with oxygen-bearing
ground waters. Discharge effects the residence time of the groundwaters
approaching equilibrium with respect to the wall rock (for example, the
rate of dissolution and oxidation processes will control the amount of
bedrock constituents released to the circulating groundwaters) and the
time of the spring discharge into the North Creek waters after the initial
infiltration of surface water in the Silurian bedrock. The geochemical
model study, based upon the bottom stream sediments, suspended sediments,
stream waters and well waters collected biweekly from September 1/76 to
November 26/76 showed that the increased runoff for the month of October
influenced the relative chemical concentrations. As a conclusion,
precipitation and discharge, along with ion exchange, diffusion rates
through the carbonate bedrock and other related factors, control the
relative chemical concentrations as reported in the anomalous waters of
the north central sector of the watershed.
A followup study, concerning the water quality variables in major and
minor constituents with reSpect to the daily Spring water discharge and the
daily stream water discharge would give the unit area loadings per element
by seasons leaving the bedrock aquifer and the watershed respectively.
 

  
$
1
0
Will“
llfﬂllﬂ
All!
PllllllIMﬂS
IIIAHSMIHEII
HIIIM
S
l
l
l
l
l
l
ﬂl
s
III
B
l
l
l
l
ﬂ
l
l
M
I
V
W
A
I
H
I
S
?
'
During
transport
downstream
from
the
Spring,
the
transportation
mechanism
for
the
heavy
metals,
Zn
and
Pb,
seem
to have
co-precipitated
with
the
carbonates
to
finally
accumulate
in
the
bottom
stream
sediments.
In the suSpended sediments,
heavy metals are complexed either with or—
ganic
matter
or
with
the
iron
and
manganese
oxides.
The
complexation
of heavy metals
with
inorganic
ligands predominate
in
the North
Creek
stream waters.
Quantitatively,
the approximate
percentage reduction for the
amounts of heavy metals are calculated for their tranSport through a
given section of the anomalous stream (ie from site "H" to site "0”
located in Figure 2). The stream waters indicated a percentage re-
duction of 56% Zn, 3% Pb, 81% Ni and 60% Cr. In comparison to the
suspended sediments, the percent reductions were 83% Zn, 86% Pb, 96% Ni
and 81% Cr.
Thus, the heavy metals associated with suSpended sediments
have a shorter residence time than in the dissolved state in the North
Creek surface waters.
To account in full for the degree by which the North Creek pol—
lutants are transmitted to the boundary waters of Lake Ontario, would
require a further study on the total contribution of these natural pol-
lutants to the Twenty Mile Creek flowing into Lake Ontario.
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 APPENDIX I.
GEOCHEMICAL CONCENTRATIONS IN BOTTOM SEDIMENTS, SUSPENDED SEDIMENTS, STREAM
WATERS AND WELL WATERS IN THE ANOMALOUS NORTH CENTRAL SECTOR OF THE NORTH
CREEK WATERSHED - sampled on Nov. 26/76
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 APPENDIX 3
COMPARISON OF TILL UNDERLYING THE ANOMALY WITH THE
NEARBY HALTON TILL COMPOSITION
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Till Composition Till Composition
at Anomaly Site 4 Miles N.W. of ‘
Anomaly (Barnett,
1975)
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"PEDIX 6
TOTAL DISCHARGE DATA (cubic feat per second) FOR m
W
01' 1976 IN m
noun CREEK WATESBZD
(data received
from the
uni-try
of lnviromant
(1977))
JAN.
FEB.
MAR.
APR.
MAY
JUNE
JULY
AUG.
SEFT.
OCT .
NOV.
DEC,
ANNUAL
430.08
2038.6
1401.4
678.49
1.33.79
24.63
51.6
16.21
15.85
30.19
16.77
28.36
5165.97
DAILY DISCRARGI DATA (cubic In: par ucond)
DAYS OF SAMPLE COLLECTION IN 1976
(data received from the Hiniatry o! navith
(1977))
SEPT. 1
SEPT. 14
SEPT. 28
001'. 13
OCT. 26
NOV. 12
NOV. 26
.25
.34
1.3
1.4
.82
.44
.43
APPENDIX 7
HOME? AND ANNUAL PRECIPITATION VALUES (um) FOR THE NORTH CREEK WATERSHED IN 1976
(data received from Dr. M. Sanderson (1977))
JAN. FEB. MAR. APR. MAY ' JUNE JULY AUG. SEPT. OCT. NOV. DEC . ANNUAL
69 53 134 82 94 95 69 31 74 55 12 31 . 779
DAILY PRECIPITATION DATA (um) FOR DAYS 01' SAMPLE COLLECTION IN 1976
(data received from Dr. H. Sanderson (1977))
SEPT. 1 SEPT. 14 SEPT. 28 OCT. 13 OCT. 26 NOV. 12 ' NOV. 26
0 0 0 4 0 0 6
APPENDIX 8
AMSPHERIC LOADING DATA FOR THE NORTH GREEK WATERSHED
(data received from Dr. H. Sander-on (1977))
Date of Sample
Precipitation
Specific
804
_
Cl
33
c:
NI
K
Collection in 1976
Quantity
Conductance
(Ina/1)
(mg/1)
(ms/1)
(mg/ 1)
(mg/1)
(mg/1)
(mm) (who)
my 15.9..“ 12
29
72.6
11
2.37
an
2.65
2.58
V0.70
June 12-July 13 112 nu «u «a nu .--- ...- .---
July 13-Au3. a
68
55.5
i 7.0
0.97
mm
3.5
1.25
0.90
Aug. 8-Sept. 9_
1
32
152.3
7.0
4.2
2.45
3.5
17
0.90
Sapt. 9-Oct. 1 97 53.4 16.5 1.29 1.55 3.35 1.28 0.36
Oct. l-Nov. 3
55
42.3
6.0
0.51
1.55
2.4
0.66
0.25
NOV. 3-Dec. (O
17
148.6
6.3
----
2.25
3.0
2.15
2.35
Heavy Metals - "Totals"
Zn Cd Pl; A3 Ni Cu Cr
(ppb) (ppb) (Ppb) (Ppb) (Ppb) _ (NM (NM
my 15-Juna 12 72 l 16 1 2 5 2
 
1.19
